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Abstract. We study international mobility in academia with a focus
on migration of researchers to and from Russia. Using all Scopus publi-
cations from 1996 to 2020, we analyze bibliometric data from over half
a million researchers who have published with a Russian affiliation ad-
dress at some point in their careers. Migration of researchers is observed
through the changes in their affiliation addresses. For the first time, we
analyze origins and destinations of migrant researchers with respect to
their fields and performance and compute net migration rates based on
incoming and outgoing flows. Our results indicate that while Russia has
been a donor country in the late 1990s and early 2000s, it has experi-
enced a relatively symmetric circulation of researchers in more recent
years. Using subject categories of publications, we quantify the impact
of migration on each field of scholarship. Our analysis shows that Russia
has suffered a net loss in almost all disciplines and more so in neu-
roscience, decision sciences, dentistry, biochemistry, and mathematics.
For economics and environmental science, there is a relatively balanced
circulation of researchers to and from Russia. Our substantive results
reveal new aspects of international mobility in academia and its impact
on a national science system which speak directly to policy develop-
ment. Methodologically, our new approach of handling big data can be
adopted as a framework of analysis for studying scholarly migration in
other countries.
Keywords: High-skilled migration · Bibliometric data · Computational
demography · Science of science · Scientometrics.
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1 Introduction
In the interconnected world, most national science systems cannot be studied in
a vacuum disregarding the impact of human mobility and migration. Countries
are indeed affected by international migration of the highly skilled specialists
including researchers. Our era has witnessed a large increase in high-skilled mi-
gration between countries, which poses new challenges both for researchers and
policy makers. Russia is not an exception in the global international migration
system: a large part of its population is actively on the move for various reasons
[14]. Russia is also an attractive destination for some international migrants,
especially migrants from former Soviet Union countries [6,30]. Moreover, some
migrants may consider Russia as a transit stop for further migration to other
countries [32]. Previous studies suggest that Russia is both a donor country and
a recipient country [11,29] for migration in general. If the characteristics of mi-
grants are taken into account, Russia is suggested to be more of a donor country
[36,39,17], i.e. a country on the losing side of an international exchange of highly
skilled individuals.
The number of researchers and their outputs in Russia are perhaps not as
well-known as those of other developed countries. According to SciVal 2010-
2019 data, Russia has over 440,000 researchers (comparable to Australia and
Italy) who have produced nearly 700,000 pieces of scholarly publications (com-
parable to South Korea). Despite these features, Russia has been a relatively
under-studied case in the scientometrics literature. Most studies on this topic
are limited to qualitative explanations on the emigration of specialists which
often do not go beyond suggesting the necessity of facilitating circular migration
for Russia [38,15,24,17,31,37,36,27,34]. Therefore, a deeper analysis is needed to
quantitatively study the international movements of researchers in Russia and
its implications for different fields of science.
According to previous studies, a large number of scientists in mathematics
[37,31], physics [5,31], and computer science [31,3] leave Russia. The major des-
tination countries for the scholars from Russia are suggested to be the United
States (US), Germany, France, the United Kingdom (UK), and Japan [18]. The
movers are more often from major scientific centers in Moscow, St. Petersburg,
Novosibirsk, and Yekaterinburg, and come from lower age groups [7,13], who
otherwise have the potential of contributing to the Russian science system for
a long time. Further research is needed to accurately quantify this phenomenon
with respect to similarities and differences between all migrant researchers, their
origin and destination countries and the interplay of their mobility patterns,
level of experience, and research performance, and the impact on Russia.
Quantitative studies on international migration of researchers seem to be
complicated by a lack of reliable, relevant, and comparable statistics. Recent
studies on this topic use bibliometric data to detect migrant populations among
researchers and obtain migration trajectories and flows for further analysis [23,4,19,22].
This method involves tracking the international movements of researchers through
the changes in the affiliation addresses. The feasibility of this approach has
been tested in previous studies that estimated migration flows among scholars
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[23,4,19,22]. In this study, we adopt such a method for focusing on researchers
who have published with a Russian affiliation address at some point in 1996-
2020. We track the international movements of all such researchers to analyze
the impact of migration on the Russian science system overall and in different
fields of research.
2 Materials and Methods
2.1 Scopus publications of all authors with ties to Russia
The availability of millions of publications in the Scopus database (the largest
database of peer-reviewed literature [12,25]), allows us to study scholarly migra-
tion in Russia by aggregating movements of each researcher who has affiliation
ties to Russia at some point in 1996-2020 period (up to the end of April 2020).
The unit of data is an authorship record which is the linkage between an author
affiliation and a publication. The data linked to an authorship record provide
proxies not only for the geographic locations of researchers, but also for their
research areas. Scopus annotates subject codes to more than 25000 indexed pub-
lication venues based on the topics they cover. This allows us to analyze the
disciplines of internationally mobile researchers based on the subjects of their
publications.
There are more than 2 million publications in Scopus from over 659’000
individual authors who have published with a Russian address at some point
over the 1996-2020 period. After retrieving this data, we focus on the scholars
who also have countries of affiliation other than Russia in their publications. This
step excludes those researchers who do not have any evidence of international
mobility and authors who only have one publication. Given that migration is
a rare event, the subset of the data we mostly focus on would be authorship
records associated with 522’000 publications from nearly 30’000 internationally
mobile researchers.
2.2 Data pre-processing
The Scopus author ID [16,2] allows us to identify authorship records of individual
scholars and accordingly detect mobility events. However, there are data quality
issues with Scopus author IDs and affiliations [22] which require some attention
before movements can be detected. The affiliations are not standard, and they
may have substantially differ formats. In a large majority of cases, an affiliation
address has a country while there are 9’701 authors in our dataset who have
records without a country. These come from 7’279 distinct publications. Inspired
by [22], we use a neural network to predict the missing country information. The
neural network takes affiliation address of an authorship record and predicts the
country associated with it. For technical details of the development of such an
algorithm, one may refer to [22]. We use 1 million records which have countries
as training data (80%) and test data (20%). On 98.4% of the test data, the
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neural network predicts the expected country. Ensuring the high accuracy of
this method, we use the trained neural network for predicting missing countries.
Scopus author identification system is suggested to be reliable for analyzing
migration of researchers [2] as most author IDs correctly identify one researchers.
However, the Scopus author identification is not perfect: there may be several
different individuals with the same name (or similar names) who are incorrectly
assigned the same author ID. We approach this problem by applying an author
disambiguation process [22] on the authorship records which are more likely to
be impacted by the lack of accuracy in the Scopus author identification system.
These records are selected from the extreme values in number of countries and
number of publications. Authorship IDs which exceed either of two thresholds
below are deemed suspicious and will be treated by an author disambiguation
method. Threshold 1: being associated with more than 6 countries of affiliation.
Threshold 2: being associated with more than 292 publications (an average of
more than one publication per month across a period of 24 years and 4 months).
Among more than 659’000 distinct author IDs in our data, 3’563 author IDs
are deemed suspicious. They are associated with 334’484 distinct publications
(some publications are shared between them). We disambiguate these records
using an unsupervised machine learning algorithm [22] inspired by the state-of-
the-art methods in the literature [10] and assign revised author IDs using the
method briefly described below. The idea behind the author disambiguation al-
gorithm that we use is making pairwise comparisons between every two records
with the same author ID and allocating scores which are higher if the two au-
thorship records share similar traits and lower if they are dissimilar. Then, the
scores are summed up and a distance matrix is calculated for all pairs of au-
thorship records. Using agglomerative clustering from the scikit-learn package
in Python [28], we obtain clusters of highly similar authorship records. Finally, a
revised author ID is issued to each cluster [22]. Implementing this author disam-
biguation method to the subset of 3’563 suspicious author IDs, leads to 11’833
revised author IDs.
2.3 Four fields and 26 sub-fields of scholarship
According to All Science Classification Codes (ASJC), there are four major
fields of science: life sciences (including five sub-fields3), social sciences (which
includes six sub-fields4), physical sciences (including ten sub-fields5), and health
3 (1) agricultural and biological sciences (2) biochemistry, genetics and molecular
biology (3) immunology and microbiology (4) neuroscience and (5) pharmacology,
toxicology and pharmaceutics
4 (1) arts and humanities (2) business, management and accounting (3) decision
sciences (4) economics, econometrics and finance (5) psychology and (6) other social
sciences
5 (1) chemical engineering (2) chemistry (3) computer science (4) earth and planetary
sciences (5) energy (6) engineering (7) environmental science (8) materials science
(9) mathematics and (10) physics and astronomy
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sciences (which includes five sub-fields6). Each publication venue in Scopus is
classified by possibly multiple ASJC codes which determine the fields and sub-
fields of the topics they cover. At the level of ASJC four major fields of science,
we consider that researchers can either belong to one of the four fields or they
are multidisciplinary.
We initially compute the frequency (f) of each of the four major fields in
the authorship records of each researcher. Then we calculate four Z-scores for
each researcher based on the mean (µ) and standard deviation (σ) of frequencies
of each major field using Z = (f − µ)/σ. Based on the largest Z-score which
exceeds α = 0.257, we group the researchers to one of the four groups of health,
life, physical, and social sciences. For 10% of researchers, neither of the Z-scores
exceed the threshold of α, and we group them as multidisciplinary.
2.4 Detecting moves and types of migrant researchers
For analyzing scholarly migration, we borrow well known and fundamental con-
cepts such as origin, destination and migrant from migration studies, and re-
purpose them for usage in an academic sense. Accordingly, a country of academic
origin is the country appearing in the first publication of a researcher, while the
destination country is determined by the most recent country affiliation. To refer
to a researcher who have had an international move we use the term academic
migrant (or migrant for brevity). We consider an international mobility event if
the changes in affiliations across two different years are such that the mode of
affiliation country changes for a researcher. We define four categories for aca-
demic migrants based on their countries of academic origin and destination. In
our analysis, each migrant belongs to one of four categories as follows:
(1) Immigrant (origin: not Russia, destination: Russia),
(2) Emigrant (origin: Russia, destination: not Russia),
(3) Return migrant (origin: Russia, destination: Russia),
(4) Transient (origin: not Russia, destination: not Russia).
2.5 Quantifying contributions of researchers by sub-field
At the level of ASJC 26 sub-fields (disciplines), we consider that researchers are
potentially active in and contributing to several of them. Therefore, we use nor-
malized contribution to quantify the contribution of a given researcher to differ-
ent fields in a normalized way. The normalized contribution NCj(d) of researcher
j in discipline d (among a total of n disciplines) is defined and formulated in Eq.
(1) based on the relative frequency of discipline d in their authorship records. sjd
is the frequency of discipline d in the authorship records of individual j. The de-
nominator in Eq. (1) is the sum of frequencies of all disciplines in the authorship
records of individual j.
6 (1) medicine (2) nursing (3) veterinary (4) dentistry and (5) health professions
7 Value of α is selected such that only 10% of researchers become multidisciplinary.
Stricter limits based on a larger α lead to clearer boundaries between the four main
fields and more individuals belonging to the multidisciplinary group.
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NCj(d) =
sjd∑n
i=1 s
j
i
i = 1, . . . , n ∀j ∈ {1, . . . , k} (1)
As an illustrative example, consider that the authorship records of an indi-
vidual over their career are as provided in Table 1.
Table 1. Example authorship records with multiple subjects and countries
Author ID DOI ASJC Subject Country Year
X 22222 Mathematics Russia 2012
X 33333 Chemistry, Energy Russia, US 2013
X 44444 Mathematics, Chemistry US 2015
Distinct digital object identifiers (DOIs) in Table 1 show that these author-
ship records are associated with three distinct publications. The normalized con-
tributions of the researcher, who is identified by Author ID X, are
NCX(chemistry) = 2/5, NC
X
(energy) = 1/5, NC
X
(mathematics) = 2/5.
To aggregate the normalized contributions for a discipline, the normalized
count of migrants in discipline d can be used which is calculated by adding
up all the normalized contributions of mobile researchers for discipline d as
formulated in Eq. (2). The normalized count of migrants in discipline d, denoted
as Pd, can be thought of as a weighted sum for the population of internationally
mobile researchers in discipline d normalized based on giving fractional weights
to individuals depending on how active they are in that discipline compared to
their other disciplines. If the result for Pd is decimal we use arithmetic rounding.
Pd =
k∑
j=1
NCj(d) (2)
Given that each mobile researcher belongs to one of the four categories of
migrants, normalized counts can similarly be computed based on the normal-
ized contributions associated with each type of migrant. Accordingly, we obtain
P immd , P
emi
d , P
ret
d , P
tra
d respectively as normalized populations of immigrants, em-
igrants, return migrants, and transients in discipline d.
3 Results
We present the main results of our analysis in this Section which is structured
as follows: Subsection 3.1 outlines the analysis of the geography of mobile re-
searchers (common origin and destination countries). Subsection 3.2 concerns
the origin and destination countries with respect to research performance nor-
malized by age. Subsection 3.3 presents our estimates of net migration rates (to
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evaluate brain circulation in Russia overall and by major fields). Subsection 3.4
explores disciplines of mobile researchers (to evaluate the impact of migration
on each field of science in Russia).
3.1 Flows, origins, and destinations
Figure 1 illustrates the international paths for researchers to and from Russia
over the 1996-2020 period. The five most common countries of academic origin
for immigrants are US, Ukraine, Germany, France, and UK respectively. As des-
tinations for emigrants US and Germany are again the most common countries
respectively, followed by UK and France, while Ukraine is ranked the fifth among
common destinations. Moreover, the scale of emigration to frequent destinations
is more than twice the scale of immigration from frequent origins. We can see in
Figure 1 that US and Russia are connected by two edges (whose directions are
clockwise): blue (scholars moving from US to Russia) and pink (scholars moving
from Russia to US). The pink edge is thicker than the blue one, which means
that the researchers leaving Russia for US outnumber people coming from US to
Russia. In this context, US, Germany, UK, and France are more likely to be des-
tinations than being origins with respect to the imbalanced flows of immigrants
and emigrants.
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Fig. 1. Network of movements to and from Russia among researchers over 1996-2020.
Directions of edges are clockwise. Common origins and destinations are shown with
distinct colors. Colors of the flows are based on the origin country. Thickness of an edge
is proportional to the flow it represents. See the figure on screen for high resolution.
An exception among the top countries of origin is Ukraine with fewer emi-
grants from Russia than immigrants to Russia. The number of immigrants from
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Ukraine to Russia is 2.5 times larger than the number of emigrants from Rus-
sia to Ukraine. So, Ukraine is more likely to be an origin than a destination
from the perspective of the Russian science system. In the general population,
the Russo-Ukrainian migration relationship has been substantial, and for a long
time Russia has been the major destination for the Ukrainian migrants [8,26].
Also, from April 2014 to February 2016 more than one million people migrated
from Ukraine to Russia following the 2014 events in Ukraine [24]. Canada, Fin-
land, Sweden, the Netherlands, and China are more likely to be destinations
than origins similar to Czech Republic, Austria, Norway, Spain, and South Ko-
rea. Canada and Finland are three times more likely to be a destination coun-
try. Also Switzerland and Australia are common academic destination countries
without being among the top 15 origin countries.
Contrary to this, Belarus and Uzbekistan are more likely to be a countries
of origin rather than destination. The migration patterns of academics from
Belarus and Uzbekistan might be explained by the historical trend in patterns
of general migration which shows that Russia has been a primary destination
for the migration flows from these countries [35,6]. Poland has almost an equal
number of emigrants and immigrants which makes it equally likely to be an
origin as well as a destination.
The rankings of most common origins and destinations for transient scholars,
in general, match with minor differences. The number of outgoing transients from
Russia to China, Switzerland, Poland, Sweden, the Netherlands, Kazakhstan,
US, and Germany are higher than the respective number of incoming transients
from these countries to Russia.
As for return migrants, we look at the intermediate country(ies) that a given
return migrant has been affiliated with while being temporarily away from Rus-
sia. The five most common intermediate countries for return migrants are US,
Germany, France, UK, and Ukraine which match the ranking of destinations for
emigrants, with the exception of ranks of France and UK being swapped.Figure
2 shows the migration flows disaggregated by the four major fields of scholarship.
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Fig. 2. Migration flows among researchers in four major fields. Colors of the flows are
based on the origin country. See the figure on screen for high resolution.
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It can be seen in Figure 2 that Physical sciences has generally the largest flows
followed by life sciences, health sciences, and social sciences in decreasing order.
The top five destination countries in Figure 2 are among US, Germany, UK,
Ukraine, France, and Kazakhstan while their order sometimes changes depend-
ing on the major field of science. US is always the most common destination. For
life and health sciences, the second country is Germany followed by UK in the
third place while for social sciences their order is reversed. For physical sciences,
the second and third common destinations are Germany and Ukraine respec-
tively. For US, Germany, UK, and France, the flow to Russia (disaggregated by
the major field) is smaller than the respective flows in the opposite direction.
However, in social sciences, the flows from US and UK to Russia are larger than
the respective flows from Russia to these two countries. For Ukraine, in all four
major fields, the flows to Russia is larger than the respective flows from Russia.
3.2 Geography by citation-based performance
We also look at common origins and destinations taking into account citations
and academic age (the number of years since first publication [4]) of researchers.
We calculate an annual citation rate by dividing the a researcher’s total number
of citations (as of 2020) by their academic age. It should be noted that there
are disparities in citations between immigrants and emigrants and by fields of
science. In table 3.2, the averages and standard deviations of annual citation
rates are provided. We can see that the rates for emigrants are generally higher
than those of the immigrants, with the exception of social sciences. This suggests
that in most major fields, internationally mobile researchers who come to Russia
perform lower than those leaving Russia in terms of total citations received
controlling for the differences in years of academic experience (academic age).
Table 2. Average and standard deviation of annual citation by field and migrant type
Life sci. Social sci. Physical sci. Health sci. Multidisciplinary
Immigrants 37.9 ± 83.3 10.3 ± 27.7 60.3 ± 280.5 26.6 ± 61.0 43.9 ± 139.0
Emigrants 66.6 ± 152.9 8.7 ± 15.2 103.8 ± 324.3 72.6 ± 168.9 75.7 ± 260.3
Among fields of science, there are substantial variations in citations pat-
terns (the mean values are reported in the brackets): life sciences (58.5), social
sciences (9.45), physical sciences (89.8), health sciences (55.9), and multidis-
ciplinary (69.0). To obtain a citation-based measure of performance, annual
citation of a researcher should be divided by the average of their field. After
normalization, we identify three groups of migrants: lowly cited migrants (the
field-normalized annual citation rate is less than 0.09); moderately cited migrants
(the field-normalized annual citation rate is between 0.09 and 0.52); highly cited
migrant (the field-normalized annual citation rate is above 0.52). Figure 3 shows
the common origins of immigrants and the common destinations of emigrants
categorized by citation-based performance.
Brain Drain and Brain Gain in Russia 11
KOR
NLD
UZB
ITA
POL
CAN
CHN
JPN
BLR
KAZ
GBR
FRA
DEU
UKR
USA
0 200 600 1000 1400
o
rig
in
number of immigrants
(a) Lowly cited immigrants
CHE
IND
NOR
FIN
NLD
BLR
CAN
ITA
SWE
JPN
GBR
FRA
UKR
DEU
USA
0 100 200 300 400
o
rig
in
number of immigrants
(b) Moderately cited immi.
SRB
NLD
FIN
BLR
CAN
JPN
ESP
CHE
SWE
ITA
UKR
GBR
FRA
DEU
USA
0 50 100 150 200
o
rig
in
number of immigrants
(c) Highly cited immigrants
SWE
ISR
JPN
VNM
NLD
CHE
BLR
CHN
CAN
FRA
KAZ
GBR
UKR
DEU
USA
0 500 1000 1500 2000
de
st
in
at
io
n
number of emigrants
(d) Lowly cited emigrants
BEL
JPN
AUT
ISR
AUS
ITA
NLD
FIN
SWE
CHE
CAN
FRA
GBR
DEU
USA
0 200 600 1000 1400
de
st
in
at
io
n
number of emigrants
(e) Moderately cited emig.
JPN
BEL
AUT
ESP
ITA
AUS
NLD
FIN
CHE
CAN
SWE
FRA
GBR
DEU
USA
0 200 600 1000 1400
de
st
in
at
io
n
number of emigrants
(f) Highly cited emigrants
Fig. 3. Top 15 origins for lowly (a), moderately (b), and highly cited (c) immigrants,
and top 15 destinations for lowly (d), moderately (e), and highly cited (f) emigrants.
In Figure 3, it can be seen that US is on the lead as the most common origin
of immigrants. Germany is more common among moderately and highly cited
immigrants, while Ukraine is a more common origin among lowly cited immi-
grants (Subfigures 3a-3c). We can also see that some former Soviet Union coun-
tries (Ukraine, Kazakhstan, Belarus, Uzbekistan) appear in the top 15 origins
for lowly cited immigrants, while only Ukraine and Belarus also appear among
the most common countries of immigrants performing better with respect to
citations.
US and Germany are the two most common destinations for all emigrants
regardless of their citation-based performance (Subfigures 3d-3f). Ukraine, Kaza-
khstan, and Belarus are among the top destinations of lowly cited emigrants
while none of these countries is common for moderately or highly cited emi-
grants. UK, France, and Canada also appear as common destinations for all
categories of emigrants.
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3.3 Net migration rates
Migration rates are commonly used measures of the difference between move-
ments into and out of a certain area [21]. Net migration rate for a given area
refers to the difference between in-migration and out-migration rates per 1000
people. A positive value means more people entering than leaving a given area.
Using Iy and Ey to represent the number of scholars who have immigrated to
Russia and emigrated from Russia respectively during year y, and My to repre-
sent Russia’s population of scholars at the beginning of year y, the net migration
rate NMRy can be calculated according to Eq. 3.
In-migration and out-migration rates can be computed based on Iy/My and
Ey/My respectively which only take one direction of the flows into consideration.
In Eq. 3, the denominator, My, is obtained from the original superset of our
bibliometric data (which includes non-movers as well). It estimates the total
number of researchers in Russia in year y based on the affiliation addresses
associated with publication dates within a two year vicinity of year y. For this
estimation, we assume that the researchers with Russian addresses have been
in the country two years before and two years after the publication year unless
there are evidence to the contrary (publications showing other countries for the
researcher).
NMRy = (Iy − Ey)× 1000/(My) (3)
Subfigure 4a illustrates net migration rate in Russia over the 1998-2018 pe-
riod. The lowest value of net migration rate is observed for 2001, and it was
−10.5 per 1000 researchers. Looking at the in-migration rate in Subfigure 4b
and the out-migration rate in Subfigure 4c for year 2001, one may see that in
Russia 11.4 per 1000 researchers have migrated to Russia, and 21.9 per 1000
researchers have left Russia resulting in a negative net flow of 10.5 per 1000 re-
searchers from Russia to the outside of Russia in year 2001. Subfigure 4a shows
that over time, the net migration rate has generally increased. The highest rate
is +1.4 which is for year 2015. Starting from 2015 we can see a slow downward
trend in the net migration rates which ends with the value −1.3 for year 2018.
Subfigures 4b- 4c also show the shares of a each major field of science in both in-
and out-migration rates suggesting relatively similar compositions for emigrants
and immigrants being mostly made up of researchers from physical sciences.
3.4 Impact of migration on each discipline
We further analyze movements of migrant scholars with respect to the 26 sub-
fields of ASJC assocaited with their authorship records to find the the impact
of migrations on different disciplines. We develop a measure inspired by net
migration rate for each discipline to find the extent to which a given discipline
in Russia is impacted by the imbalance of incoming and outgoing flows. To
operationalize this idea, we start with the concepts of normalized contribution
and normalized count formulated in Eqs. (1) and (2) discussed in Section 2. We
evaluate the possible losses in each field by looking at the relative difference
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Fig. 4. Net migration (a), in-migration (b) and out-migration (c) rates per 1000 re-
searchers in Russia over the 1998-2018 period
between the normalized counts of immigrants, return migrants, emigrants, and
transients using a parsimonious measure to quantify Field-based net brain drain
(FNBDd) formulated in Eq. 4. Emigrants and transients increase the net drain
of a national science system and therefore they have positive coefficients in Eq. 4.
In contrast, we consider negative coefficients for immigrants and return migrants
in Eq. 4 because these groups of migrants decrease the net drain of a national
science system. A larger positive value of FNBDd means a larger loss due to the
imbalance of migration flows in discipline d. The largest (smallest) value possible
for FNBDd is 1 (-1) which is associated to a hypothetical situation where all
migrants in discipline d are emigrants and transients (immigrants and return
migrants) and the brain drain (brain gain) is therefore at its peak. Each term of
Eq. 4 represents the impact of the respective group of migrants.
FNBDd = (P
emi
d /Pd) + (P
tra
d /Pd)− (P immd /Pd)− (P retd /Pd) (4)
To illustrate the application of FNBDd, we use the discipline of computer
science as an example. We obtain contributions of migrants to different fields
using Eq. (1) and sum up the normalized contributions in the field of computer
science for all four types of migrants (calculating P immd , P
emi
d , P
ret
d and P
tra
d ) and
all migrants together (calculating Pd) using Eq. 2. Accordingly, the normalized
count of mobile researchers in computer science would be Pd = 1329 which
includes all four types of migrants. Then, we use the formula in Eq. 4 to calculate
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FNBD for computer science which is equal to 0.135. The is interpreted as overall
migration of researchers in Russia over the period 1996-2020 leading to to a
13.5% net drain in the field of computer science. Figure 5 shows the four terms of
FNBD and its total value for all disciplines. We can see in Figure 5 that Russia
terms of FNBD pertaining to each migrant type FNBD (total)
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Fig. 5. Field-based net brain drain for different categories of migrants
has suffered a large loss in disciplines such as neuroscience (24.5%), decision
sciences (21.6%), dentistry (20.0%), biochemistry (18.7%), mathematics (18.2%),
chemistry (17.7%), pharmacology (15.9%), chemical engineering (15.4%), and
materials science (15.3%). For almost all other disciplines, FNBD values show
a loss, but to a smaller degree. Interestingly, the values of FNBD is close to
zero suggesting a relatively balanced circulation of flows in economics (-1.3%)
and environmental science (1.3%).
The results indicate that there is heterogeneity in the impact of international
mobility of researchers on the fields of scholarship in Russia. This observation
casts doubt on viewing a national science system as just one unit with a simple
positive/negative response to international mobility, instead, the components
of such a system could be differently impacted by the balance of migration
flows or lack thereof. Note that, if we only consider terms of FNBD pertaining
to immigrants and emigrants, the alternative measurements also show Russia
suffering a net loss in all disciplines because emigrants outnumber immigrants (an
exception is economics that has the opposite pattern). However, return migrants
and transients account for considerable proportions of migrations and therefore
excluding them from the analysis could be contestable.
Brain Drain and Brain Gain in Russia 15
4 Limitations
A major limitation of this study, as well as a remarkable merit, is the use of bib-
liometric data, and the unique view they provide. The time required to conduct
and publish research is an important factor [9] to keep in mind when interpreting
the temporal component of the results on mobility patterns observed through
bibliometric data. Also, it is noted that a one-time usage of an affiliation is not
guaranteed to show a direct attachment to the country of affiliation [20]. Our
conservative approach resolves this issue by detecting international moves only
if the modal country of affiliation changes across different years. Moreover, we
cannot observe and track any migration events that are not represented in pub-
lications indexed in Scopus. Bibliometric databases could be biased, and there
could be an under-representation of some countries, scientific fields, and lan-
guages [12,25,33]. Also, given the fact that we are investigating a specific period
of time, our data suffers from left-truncation.
Despite these limitations, bibliometric data facilitate a study on migration of
researchers to cross the disciplinary boundaries and become more contemporary
and extensive compared to what traditional data sources may allow [1]. This
study makes several contributions to the literature: both methodological contri-
butions in usage of bibliometric data and substantive contributions to the study
of scholarly migration in Russia. A missing piece of the puzzle for understanding
academic brain drain has been key migration statistics which our study provides
for the first time for Russia; a commonly debated country of brain drain despite
being under-explored by quantitative analysis.
5 Discussion and Summary
In this study, we used affiliation addresses from Scopus publications over 1996-
2020 to present a comprehensive and detailed picture of academic migration in
Russia. Our goal was to understand the patterns of scholarly migration by track-
ing the international movements of researchers and to identify the impact of such
movements on the Russian science system overall and in each field of scholar-
ship. The use of large-scale bibliometric data from Scopus allowed us to achieve
this goal in a cross-disciplinary study of demography and scientometrics.In this
study, we analyzed international mobility of scholars in Russia by different mi-
gration patterns with respect to their countries of origin and destination and
their disciplines. We aim to extend this study to additional dimensions of anal-
ysis such as gender and level of experience as well as more detailed measures for
performance and research quality and quantity for migrating researchers.
Our analysis of four categories of academic migrants revealed the similarities
between their common countries of academic origin and destination while con-
trasting their differences in migration patterns and the impact on the Russian
science system. US and Germany are the largest scientific hubs linked to Rus-
sia. Ukraine turned out to be one of the main donors of researchers to Russia,
which could be partly explained by the patterns of Russo-Ukrainian migration
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in the general population. Using data on major fields of science, we made com-
parisons between the international flows in health sciences, life sciences, physical
sciences, and social sciences. Physical sciences has the largest flows followed by
life sciences which seem to be the major fields where most technical knowledge
and skills could be more easily transferable in different parts of the world com-
pared to health sciences which may involve bodies of knowledge varying across
countries (e.g. national medical protocols) and social sciences which may depend
more on the language, culture, and context of societies.
We also analyzed citation data and observed large disparities between citation-
based performance of migrants by their types and across different fields. Con-
sistent with the generally observed pattern in scientometrics, the two fields of
physical sciences have the most citations respectively followed by life sciences and
health sciences (which are somewhat comparable) and social sciences (which has
the lowest citations). Comparing by migrant types, emigrants from Russia have
substantially higher citations compared to immigrants to Russia in all fields ex-
cept for social sciences. This disparity could be the effect of a combination of
reasons including the research performance of immigrants and emigrants and
the difference in research opportunities in destination countries. Grouping the
migrant researchers into three categories based on citation (normalized by age
and field), we compared the origin countries of immigrants as well as destination
countries of emigrants. As origins, Ukraine, Kazakhstan, Belarus, and Uzbek-
istan are more common among lowly cited immigrants. Similarly, Ukraine, Kaza-
khstan, and Belarus are ranked higher as destinations of lowly cited emigrants.
Using net migration rate, it was shown that while in the late 1990s and early
2000s Russia has been overall on the losing side of a brain circulation system,
this has not been the case in recent years when net migration rate has been
even positive for some years and generally oscillates around zero indicating a
balance between the annual flows of incoming and outgoing researchers. Our
results indicate that the overall lack of balance between incoming and outgoing
flows of researchers has improved for Russia, but it could be still too early to
call Russia a country of attraction for researchers.
As for analyzing the disciplines of migrating researchers, we introduced nor-
malized measures for contributions of individuals in different fields. We also
introduced a measure of net brain drain for quantifying the impact of interna-
tional migration on each specific field of science. The analysis showed that over
the time period 1996-2020, there has been a relatively large outflow of specialists
in most fields of scholarship in Russia. Our results indicate that researchers leav-
ing Russia in the fields of neuroscience, decision sciences, dentistry, biochemistry,
mathematics, chemistry, pharmacology, chemical engineering, and materials sci-
ence outnumber those who come to Russia supporting previous findings that
specialists in these fields are actively leaving Russia [37,5,32,31,3] and going a
few steps further by considering incoming flows and all fields of science.
The results that this research substantiated for the first time are generaliz-
able within the limitations of bibliometric data which were discussed in Section
4. Keeping the possible caveats in mind, our substantive and methodological
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contributions can be used in furthering our understanding of international mi-
gration in academia.For the specific case of this study, timely and detailed statis-
tics were required. Our findings revealed new insights for Russia which is hoped
to be used in policy development involving highly qualified professionals. The
methodological contribution of this study can be applied to other countries as a
framework of analysis to examine other national science systems and the impact
of international mobility of researchers on them. This study has only scratched
the surface on the study of migration among researchers and a new application
of bibliometric data while many questions are yet unanswered for which we hope
to have paved the way.
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